Starling: The history of this disability was set forth by R. McNeil Wilson in 1916. A Royal Commission sat from 1864-68 to investigate the nature and cause of this complaint. It was then defined "as an extreme sensibility of the heart with some but not great enlargement. During rest a heart of this kind beats easily, but on the least exertion its action becomes irregular and the man becomes breathless". The causation was ascribed largely to the type of accoutrements, and the principle of the brace was recommended to take the weight of the pack off the chest while the tunic at the same time was made looser. When one reads the history of the wars ot those days, especially those fought in India with tight-fitting tunics, the weight of the accoutrements and sometimes of busbies, the diet and the drink, the temperature and
the climate, and the extraordinary exertions demanded of the men, it is amazing that any of those hardy soldiers escaped a breakdown.
In 1864, Harthorne in the American Journal of Medical Science described effort syndrome during the Civil War, almost exactly as we know it to-day, anticipating Da Costa's classical work which appeared in the same journal in 1871.
In 1870 in this country, Arthur Myers published a treatise on " Diseases of the Heart among Soldiers" and emphasized the blame which had already been put on accoutrements and on the tight-fitting tunic. In 1876 Surgeon General Arthur Davy ascribed to the " setting up drill " an expansion of the chest, a dilatation of the heart and also irritability of its action. This view was again set forth in 1880 by Brigadier-Surgeon Veale and as late as 1896 by Surgeon Captain J. B. Wilson.
Until the conclusion of the Great War of 1914-18, the main interest in this disability had been aroused by the increase in its incidence during active warfare. This was certainly the case in America where during the Civil War the troops were badly clothed, badly fed, overtasked and generally neglected.
It was Thomas Lewis who, with the Staff of the Medical Research Committee, first defined the condition as effort syndrome, separated it from organic cardiovascular disorder, and instituted the only way by which it could be alleviated or cured. It was an unforgettable experience seeing these men admitted to the Military Heart Hospital at Colchester, and subsequently recording the reaction of each man daily after the carefully graduated exercises from which they reported. One witnessed them at first sweating, distressed, generally tremulous and with varying high rates of pulse JUNE-MED. I and respiration, often " done to the world ", but lastly able to stand the test of the highest grade of drill. At least 50%, probably 70% of the civilian population when taken from their secluded, or at least peaceful, routine of life are liable to effort syndrome. Many of these already suffer from it in various degrees, but, in spite of this, manage to fulfil their daily work in their particular niche without obviously breaking down. Even the most stable members of the population under certain conditions may develop this disability. Among the mass of patients at Colchester were a few outstanding men who appeared quite normal. They had no tremor, no distress, but only dyspncra and tachycardia on effort. Almost invariably thev were found to have some form of organic heart lesion.' Yet in most cases they had not experienced any greater effort or strain than they were accustomed to in civil life.
Lewis, in discussing the aetiology of effort syndrome, writes: " The psychology of our patients as a group is not that of the average soldier; a large proportion of the men are of highly strung nervous temperament; an unusual number are sensitive or querulous, others are apathetic or depressed." The whole atmosphere was one of reassurance and encouragement, combined with re-education in the lost faculty of effort without distress. The proof that Lewis's measures were the right ones was shown in the large proportion of men who were fitted to return either to front line or homeservice duty, and also by the dogged courage with which, while the war was on, the men stuck to their daily exercises and their cure.
Professor -F. R. Fraser (Edinburgh M. I., 1940, 47, 451) on Effort Syndrome, quotes a personal communication from Dr. Paul Wood wherein it is stated: " War service, whether at the front or behind the lines, or even in England, has brought on the symptoms or has exaggerated them. On the whole the 'patient' does not like war service and is disposed to get out of the Army if he can. He is therefore prepared to make the most of his symptoms and is not averse to any term which connects his heart with his disease as he feels such a term is honorable and a potential source of sympathy. In civilian practice one is familiar with the pleasure with which most people are reassured about their hearts and it is interesting to watch in its place the concern that some of these men depict when they are told that they have no such refuge."
As Chairman of a Medical Board I see about 300 men every week. There is an immense improvement in the young men of 18 to about 26, in their health and good physical and muscular development. They are keen to enlist, whether as volunteers or under the National Service Act. I have been immensely impressed with the real beauty of the majority of these youths both in features and in appearance. It is interesting to note that a Board consisting entirely of volunteer enlistments or a Board of those under the National Service Act who have plumped for the Air Force is invariably of a finer type than any other category of Boards. Later, when statistics are available, I shall be anxious to see if these types of young men, especially the volunteers, constitute any large proportion of the effort syndrome cases, and if the statistics could show what district these men came from and by which Board they were examined, in order, while there is yet time, that methods and assessments might be revised.
I am doubtful about the value of the exercise tolerance test during a medical examination. Young men, many of whom are anxious to be in the first grade, arrive with pulserates of 100-120; the 20 times chair test may increase the pulse-rate to 140-160, as a rule without any dyspncea, and after a minute the pulse returns to its original high figure, perhaps higher. I make it my duty to ascertain what games they play, if football, then in what part of the field, if hiking, for what distance; some of the highest figures have occurred among the most athletic, including both short and long distance runners as well as swimmers, and in lads accustomed to heavy work. This test is of value if it occasions actual distress or dyspncea, but details as to capacity for effort in the recent past together with an estimate of the candidate's " make up " generally are of more importance.
The real national problem of this disability is not so much the cure or alleviation of the cases which arise as the result of the war, but the means whereby it may be prevented before any war starts.
The worst type of effort syndrome is seen in the lad who is often subject to minor infections, is diffident, keeps himself to himself and never makes friends, and so leads 98 542 a solitary existence wrapped up in his own world; he is moreover often spoilt by an indulgent and over-anxious mother. Most of us have traits like these to a greater or less extent. Public school life, with its almost compulsory games, is one of the best cures for the curable, added to which the life at school is a definite release from the anxious atmosphere of home life.
Psychiatry may be of enormous value in bringing the nervous, solitary or anxious type to a more normal aspect of life so as to fit these individuals to mix and compete with their fellows and to take every advantage of such physical training as comes their way. But in time of war its use should be devoted chiefly to those who do not respond to simple encouragement, reassurance, and graduated exercises, and it certainly cannot be used except in its most elementary form during the examination by Medical Boards.
The observation of Parkinson and others that effort syndrome is not common in the Navy is important. This may be accounted for largely by the refusal to accept for active naval service any grade below the first. Similarly I well remember seeing a rare case of effort syndrome, a man who had been in a Guards regiment. He looked as if all the struts had been removed from his once magnificent chest, the contents of which appeared to have dropped into his sagging abdomen. The chest expansion by measurement was as good as before, but the posture of the man had completely changed. In the Guards, as in the Navy, the physique of a recruit must be first-class and both these Services are exposed to hardships and terrifying experiences. This seems to show that a member of these specially selected Services, possessing a fine ,physique, is only in rare instances liable to the disability we are discussing. The antecedents of such men postulate a record of good family life, sound spiritual upbringing and family tradition, all of which are fast disappearing from our national life. I would advocate for at least one year, preferably two years, a communal outdoor life for our lads. This should be devoted Por the first six months to games, physical drill, and general education at the age of 17 or 18, and for the rest of the time to military education, not forgetting its historical aspect. Let us hope that these lads will not be wanted for active warfare, but there is no doubt that such training will enormously enhance their national value in civil life.
Dr. Paul Wood: Differential diagnosis of Da Costa's syndrome.
In introducing the name " Da Costa's syndrome " I wish to make it clear that I do not propose its use as a diagnostic term to replace effort syndrome. As I have said elsewhere (B. M. 1., 1941 (i), 850) I believe the facts show that the condition always results from emotional causes, which may operate in almost any form of psychoneurosis. Thus we are asked to discuss a syndrome which is really a psychosomatic pattern, not a distinct clinical entity. To call this effort syndrome is to evade the etiological diagnosis, and to emphasize what is least important. Believing that the old conception will die, I have thought it fitting that it should bear an historical name. Thus Da Costa's syndrome describes without prejudice a certain psychosomatic pattern, and implies an historical attitude towards it. A review of the American and English literature from 1858-1941, close personal contact with some 300 patients, and certain researches, have led me to conclusions about the nature of this syndrome which will be published in due course (Brit. M. I., 1941 (i), 767, 805, 843).
It has been the custom to diagnose Da Costa's syndrome by eliminating organic disease. Yet the family history reveals neurosis in over 50%/, compared with 7 % in 125 controls; the life story of the patient is diagnostic in about 75%; there are some 20 characteristic symptoms, the majority of which are present in any given case; and there are some 15 typical signs (vide Table I ). Da Costa's syndrome is therefore a positive diagnosis, not a negative one. However, it is often mistaken for a weak, tired, or strained heart, for rheumatic or toxic carditis, "V.D.H. ", anaemia, thyrotoxicosis, pulmonary tuberculosis, pleurisy, influenza, angina pectoris, or malingering.
It cannot too often be repeated that terms such as weak, tired, or strained heart are just nonsense, and that their continued use is harmful. Whether they are used carelessly or in ignorance is irrelevant, their effect is the same, and may be responsible for total incapacity. Anaemia, pulmonary tuberculosis, pleurisy, and influenza, should present no difficulties with reasonable care, and the difference between left infra-mammary pain and angina pectoris has been recited again and again. My observations concern the remainder. Phobias and nightmares + Rheumatic carditis.-It is rightly held that failure to diagnose rheumatic carditis is a serious mistake; but to diagnose rheumatic carditis when the heart is innocent is often more serious. It must be borne in mind that neurotic subjects often develop somatic manifestations during childhood, and often complain of vague pains which are too readily labelled rheumatic. The fatal error is to note the tachycardia and the " rheumatism " and to miss the nervousness. Even if a patient has true rheumatic fever it does not follow that the heart is involved; and even if it is, there is no need to turn the patient into a cardiac invalid.
In the hope of clarifying the significance of the signs upon which the diagnosis of rheumatic carditis is often made, I have presented them under four headings in Table   II. Many of them merely indicate disturbance of the autonomic nervous system from any cause; others are signs of infection, but are non-specific; a few mean that the infection is rheumatic; some are true signs of rheumatic carditis. The items in the first column may all be produced by emotional stimulation, and indeed commonly are; if there is evidence of non-specific infection, there is no justification for diagnosing rheumatic fever, whether there is a systolic murmur and tachycardia or not; of the signs in the third column chorea alone is followed by mitral stenosis in only 20% of cases It must happen that a child mav have rheumatic carditis withoutt the evidence required, for 30 to 400°of patients with mitral stenosis give no rheumatic history. There is no evidence that these mild cases suffer from want of rest in bed at the time.
Toxic myocarditis.-In a modern textbook of cardiology (Cowan and Ritchie, 1935) , the following passage is written with reference to " D.A.H.": " Acute febrile illnesses always produce changes in the myocardium. . inflammatory reactions leave scars which, although minutte, may from their uibiquity interfere gravely with the cardiac strength. In matnv cases an apparentlv trivial illness, such as influenza, may hit the heart heavily, especiallv if the patient carries on throughout the acute stage of the disease, exposing the weakened heart to the stress and straiin of physical exertion." This clearlv expresses the view that post-infective cases of Da Costa's svndrome are due to a cardiac fault, and Wiggers (1923) and MlacKenzie (1916) ha,ve recorded similar views.
Proof of the validity of these statements is lacking. On the other hand there is good evidence that toxic carditis occurring during acute infections such as diphtheria and pneumonia are alwavs transient, and leave no scars to interfere gravely or otherwise with the cardiac strength. Wolbach and Frothingham (1923) paid special attention to muscle damage in an autopsv studv of 26 cases of influenza, and found that the heart escapedl demonstrable injutrv, although the rectus abdominis showed necrotic hiemorrhagic lesions in nine. During the influenza epidemic of 1936-37, I examined a number of severe cases with Drs. Stuart-Harris and Scadding, and took electrocardiograms of anyv who had svmptoms which might have been due to the heart, but no evidence of carditis could be discovered bv clinical or laboratorv methods, nor have I at anv other time fouind such evidence. At the Emergency Hospital influenza wvas an apparent causative factor in 1700 of my series, but clinical, X-ray, and electrocardiographic examinations revealed no signs of carditis. I do not, therefore, believe that Da Costa's syndrome has to be distinlgulished from toxic carditis, because there is no evidence that toxic carditis outlasts the infection which produces it, whereas there is good evidence to the contrarv. V.D.H. It is often said that the svmptoms of effort synldrom1te are indistinguishable from those of early organic heart disease, and that on the historv it is impossible to sav that the case is not one of mitral stenosis. During the past vear I have examined 100 recruits with early organic heart disease, 80 rheumatic cases with v-arious combinations of mitral and aortic valve disease, 18 congenital, and 2 cases of rhythm changes. Symptoms occurred in 21, and in 13 of these the characteristic features of Da Costa's syndrome wNere present. The lack of relationship between the svmptoms and the size of the heart (Table III) supported the view that thev were not usually of cardiac origin. Only 8 % had symptoms which seemed to be referable to the heart itself. The remaining 79 cases were svmptomless, and 59 of them were known to be capable of exerting themselves to the full without distress. It is concluded that inactive early organic heart disease rarely produces symptoms, and should not, therefore, be confused with Da Costa's syndrome. Systolic murmurs are still a source of confusion. To dismiss them as functional, without offering any explanati6n as to their origin, is to prolong this confusion, for it is the lack of understanding of the systolic murmur which is partly to blame.
Experiments made by Ortiz (1939) proved that soft blowing murmurs could be reproduced by friction between two normal endothelial surfaces normallv lubricated. This may explain some of the murmurs of overacting hearts, where such friction is increased.
Slight mechanical interference with the expansile pulsation of a large vessel, such as the common carotid artery, may produce a murmur and thrill, a fact which may be readily checked by placing the finger on such an artery and exerting gentle pressure. The more overacting the artery, the more easily is the murmur or thrill produced. When the heart is overacting, the pulmonary artery may come into firm contact with the chest wall, especially in thin subjects with flat chests, and the-pressure exerted upon it during its expansile phase may well give rise to a systolic murmur, if not to a thrill. The respiratory murmur is more generally recognized. It is due to sudden squeezing of lung tissue between the heart and chest wall, or to sudden expansion of a portion of lung which was compressed by the heart during diastole; it varies with respiration and with change of posture, and is more likely to occur when the heart is overacting.
The fourth mechanism for the production of an innocent systolic murmur depends upon the fact that the mitral valve is only competent so long as the mitral ring constricts adequately during ventricular systole. This mechanism may be faulty, even in normal persons. The effect of such a leak on cardiac function is negligible.
Systolic murmurs may, however, represent organic mitral incompetence. I have investigated this subject at some length, but details will have to be published elsewhere. The diagnosis rests upon the presence of at least three of the following features:
(1) Previous rheumatic infection.
(2) An impressive mitral systolic bruit, with or without thrill.
(3) X-ray evidence of left ventricular enlargement. (4) Electrocardiographic evidence of left ventricular dominance. (5) X-ray evidence of expansile pulsation of the left auricle during ventricular systole, best recorded with the kymograph.
Early hypertensive heart disease.-Da Costa suggested that hypertrophy eventually followed the overaction of the heart so often witnessed in these men, and Osler (1901) seems to have regarded the syndrome as due to early-hypertensive heart disease. Because the blood-pressure, both systolic and diastolic, is apt to be raised during casual examination, and because I have often been asked whether this signifies early hypertension, I have thought it pertinent to give the evidence which shows that it does not. Hines (1940) has shown that incipient, early, and late hypertensives react unduly to the cold pressor test, which consists of plunging the hand and wrist into water at 4' C. and keeping it there for one minute, while the blood-pressure is recorded in the other arm. In hypertensive subjects the svstolic blood-pressure rises more than 20 mm. of mercury, and the diastolic more than 15. Similar positive reactions occur in 15% of controls-regarded by Hines as potential hypertensives. The average rise in the remaining 85% of controls is 12-4 for the systolic, and 10 1 for the diastolic pressure. Using the technique and precautions described by Hines, I found that 10% of 25 cases of Da Costa's syndrome gave a positive reaction, and that the average rise in the other 90% was 8 mm. of mercury for the systolic pressure, and 8 5 for the diastolic. It is concluded that these are not cases of early or incipient hypertension.
Better evidence was afforded by the follow-up studies of Grant (1925) . He kept in touch with 601 cases over a five-year period, and of these only 1 % developed heart disease.
Other forms of heart disease.-There are still those who believe that some queer form of heart disease may actually be responsible for some cases of Da Costa's syndrome. These physicians may refer to left infra-mammary pain as being " a true bill " when it occurs in this hypothetical group. This loop-hole is highly dangerous, and will prolong false cardiac diagnosis unless closed. The proof that the heart is innocent is as follows:
(1) Congestive heart failure has never been recorded.
(2) Left infra-mammary pain is produced locally, in the muscles, fibrous tissue, or fascia of the thoracic wall, and is not referred from the heart (Wood, 1941) . It is never a " true bill " in the cardiac sense.
(3) Cardiac enlargement has never been seen on X-ray examination (Craig and White, 1934) . I have screened about 500 cases of effort syndrome in hospital, and in private practice, and have encountered no instance of enlargement in the absence of known forms of organic heart disease. Bass and Wessler (1913) found the heart smaller than usual in 22 out of 36 cases of effort syndrome in children. This was confirmed by Friedlander and Freyhof (1918) in 50 constitutional cases, and by Meakins and Gunson (1918) ; Smith (1920) found that the average transverse diameter of the heart in 119 cases of effort syndrome was 0-98 cm. less than that in 277 controls; that when comparisons were made between patients and soldiers of the same weight, the volume of the heart averaged 10 1 % less in the patients than in the normal soldiers; and that these small hearts were found in the constitutional type of effort syndrome, not in the acquired. It is probable that the small heart, when present, is the result rather than the cause of the condition; for it is the reverse of what is found in the athlete after long training (Parkinson, 1936) , in cases of bradycardia of long standing (Schlomka and Broich, 1937) , in very active animals, e.g. hares (Herrmann, 1926) , and in animals after long periods of strenuous exercise (White, 1937, page 394) .
(4) The electrocardiogram is normal in the great majority of patients, and was first shown to be so by Parkinson and Drury (1916) who also showed that it remained normal after effort. Very occasionally, inversion of the T wave may be found in leads 2 and 3 (Graybiel and White, 1935) . It has been normal in all but 1 of 50 cases in which I have taken it, the exception showing inversion of the T wave in leads 2 and 3. The explanation of these rare graphs may be found in a recent article by Mainzer and Krause (1940) , who showed that they could be produced by the anxiety of lying on an operating table prior to the ancesthetic.
(5) Follow-up studies of 601 patients over a five-year period (Grant, 1925) revealed that only 1 % developed clear signs of organic heart disease, a figure no higher than controls.
(6) If Da Costa's syndrome were due to some unknown form of organic heart disease, it would be the only kind which has never been known to produce death. It is, of course, for this reason that autopsy studies are so scarce.
(7) When recovery occurs it may take place suddenly, almost abruptly (see Lecture Thyrotoxicosis.-The idea that thyrotoxicosis was the cause of effort syndrome, put forward by Sir James Barr (1916) , and supported bv Brooks (1918), and in part by Swan 1.
--1.
. (1921) , has been adequately quashed by numerous authors, including Friedlander and Freyhof (1918), Addis and Kerr (1919) , Kessel and Hyman (1923) , and Martin (1939) . Differential diagnosis, however, still appears to present difficulties. Thus Kessel and Hyman were unable to express the clinical difference in words; Lambert Rogers (1941) offers us four points of difference, and yet two of these (good appetite and positive adrenaline test) are often found in Da Costa's syndrome as well as in thyrotoxicosis; and only the other day I heard the view expressed in a London teaching hospital that the basal metabolic rate was the only distinguishing feature. It may therefore be worth while to set out these differences in full.
(1) In an attempt to express what Kessel and Hyman noted but failed to describe, I would say that thyrotoxic patients tend to deny that they are ill, they have a ready excuse for their symptoms, are anxious to get out of hospital and return to work, fight the restrictions imposed upon them, and are inclined to view their physician as an enemy. Patients with Da Costa's syndrome present a striking contrast; they are only too ready to agree that they are ill, they produce symptom after symptom challenging the physician to explain them, they are prepared to lie in bed indefinitely, and they seem to welcome restrictions. Appearances are equally distinctive. In thyrotoxicosis the eyes not only stare but gleam; the expression is alert, the manner abrupt, the mood aggressive, the whole effect hyper-kinetic. In Da Costa's syndrome the eyes are dull, the expression worried, the manner timid and often slow, the mood depressed-the whole attitude suggesting failure, despondency, and inactivity.
(2) Examination of the hands is especially fruitful. In thyrotoxicosis they are warm, pink, and moist on the back as well as on the palm, and tremor is fine and regular; in Da Costa's syndrome they are cold, blue and moist oti the palm but not on the back, and the tremor is coarse, irregular, and inconstant.
(3) Goitre is no more common in Da Costa's syndrome than in controls (Addis and Kerr, 1919) .
(4) The sleeping pulse-rate is normal in Da Costa's syndrome; it averaged 60-65 in Hume's series (1918) . So is the basal blood-pressure which averaged 121/73 in McCullagh's series (1934) , and 117/75 in Cohn's (1919).
(5) The basal metabolic rate may not be easy to measure, on account of the irregularity of the tracing in those with respiratory neurosis, or because of the difficulty in obtaining basal conditions in nervous subjects. True readings, however, are normal (Peabody, Wearn and Tompkins, 1918) .
(6) Iodine lowers the pulse-rate, increases the body-weight, reduces the nervousness, increases the size and tension of the thyroid gland, and generally improves the thyrotoxic patient in the well-known manner; in Da Costa's syndrome it does none of these things.
In the E.S. Unit I have not seen a single case which looked like thyrotoxicosis, and not once have I found it necessary to ask for a basal metabolic rate. Indeed we have never even used the iodine test.
Malingering.-By a malingerer I mean a man who says he has symptoms when he knows he has not.
The objective signs of autonomic disturbance set out in Table I make the gamble of the malingerer risky. Two-thirds of the patients have five or more of these signs, and 87% have three or more, compared with 2% in 50 controls. Thu,s a soldier may concoct the whole story of effort syndrome but if his autonomic nervous system remains undisturbed, he is at once suspect, and needs careful cross examination. Not that it is easy to make up the involved and highly characteristic history of these patients-far from it. The symptoms too are not so easily thought of (cf. pain in the back); as Allbutt said (1917): "'This group of symptoms is too uniform to be fictitious or fantastic." However, I have no doubt that exaggeration is the rule. It is the common object of these men to improve their lot, and they are not faddy as to how they do it. The best instructors in the use of the symptom weapon, especially the cardiac variety, are medical officers. effort syndrome suffered from depression or hysteria; others had a psychopathic personality; there might also be a few schizophrenics or alcoholics among them. Therefore a uniform plan of treatment for all cases could not be successful.
Effort syndrome meant a physiological as well as a psychological disturbance, although, as a group, these men were not physically inferior. Dr. Lewis went on to say that the problem of effort syndrome was at once individual and social. Not only must the sick man himself be carefully studied, but his milieu, privations and discomforts in contrast to his former life must all be considered. Breathlessness ranks with palpitation and precordial pain as the commonest complaint in effort syndrome. During the course of a routine examination on subjects with effort syndrome but little information is usually obtained, apart from evidence of an overacting heart, and even after moderately severe exercise the objective picture may not indicate the degree of distress which the patient subjectively describes. It therefore seemed desirable to obtain further objective evidence of the patient's disability. The familiar exercise tolerance test, in which the subject climbs 30 steps in approximately 30 seconds is an attempt to measure the response of the heart-rate to exercise, with particular reference to the deceleration time. As an isolated observation this has little or no value, but in the total assessment of a case it may be helpful. In any case, however, disturbance of cardiac function is frequently indicated, even at rest, by a rapid heart-rate and a visible apex beat.
Less obvious is objective evidence of disturbance of function in the respiratory system, although the patient's subjective account almost invariably describes breathlessness on mild exertion, on excitement, or at rest. Patients also describe choking sensations when they waken suddenly at night, and lie gasping for breath, for some minutes. Difficulty in wearing a gas mask for more than a few minutes because of feelings of suffocation is also very common, as is also the desire to sigh frequently.
It seemed necessary to study the respiratory style in these men and if possible to try and evolve a test of respiratory efficiency which would demonstrate any deviation from normal respiration, particularly following exercise. Tests of respiratory efficiency have been conveniently summarized by Moncrieff (1934) , who points out their limitations and concludes that as yet there is no one test which can be regarded as satisfactory.
Method.-The form which our respiratory exercise tolerance test took was as follows: The patient lay on a couch and breathed into a spirometer filled with oxygen; the Benedict (Kendrick) portable metabolism apparatus was used. No attempt was made to achieve " basal" conditions but freedom from anxiety and familiarity with the procedure was aimed at. After a trial run which, in the majority of subjects, had been done on a previous day, the kymograph was started and the respirations recorded for a period of 4 to 5 minutes. The apparatus was then disconnected and the spirometer bell refilled with oxygen. The patient now ran up and down three wooden steps, each 8 in. high, ten times, in approximately 30 seconds. He then lay down immediately, and was connected up with the spirometer: the time relationships required for these various steps were recorded on the tracing simply by tapping the spirometer bell at the appropriate moment.
It was found that the procedure was less unpleasant for the subject and consequently better tracings obtained, if the closed circuit was broken every 2 minutes by turning the tap so that the outside air was freely breathed in and out: after 1 minute the tap was again closed so that the subject breathed into the spirometer. Thus the final tracing recorded breathing at rest for 4 to 5 minutes, the time required for the exercise, the time lost between the completion of the exercise and breathing into the spirometer circuit, and the breathing I to 2, 4 to 5, 7 to 8, and 10 to 11 minutes after exercise. At the completion of the test, or on a separate occasion, the vital capacity was measured together with the length of time the breath could be held, starting at the top of a normal inspiration following a period of rest. RESULTS 32 patients free from apparent organic disease and conforming with the diagnosis of effort syndrome, together with 22 normal controls, all male, were examined. Striking differences between the two groups were apparent in the respiratory style, the average volume per breath, the respiratory rate, the breath-holding, the return of the minute volume to the resting level after exercise, and to a lesser extent the vital capacity.
The respiratory style was remarkable, particularly because of the irregularity of the breathing, this irregularity being more noticeable in depth than in time. In only seven patients were the expiration points so regular that they collectively formed a straight line, i.e. no measure of oxygen uptake was possible in the majority of patients. By comparison, the controls showed regular breathing in almost every case, and indeed in ordinary clinical work it is seldom that one has to discard a spirogram tracing because it is too irregular for the purpose of calculating the B.M.R. The depth of the breathing was very different in the two groups. In the controls the average volume per breath at rest was 910 c.c. (Table I ). In the effort syndrome patients the average volume per breath was 520 c.c.. the patient with the shallowest breathing having an average volume per breath of 407. c.c. It must be remembered that the lungs contained a high percentage of oxygen which increases the tidal air by 13%.
The patients with effort syndrome breathed, on the whole, much more rapidly than the controls, the average rate at rest for the two groups being respectively 20-5 and 11-7 breaths per minute. Breath-holding was done extremely badly by the patients, the range being from 6 to 54 seconds with a mean of 18A4 seconds. The controls gave a range of 24 to 212 seconds, with a mean of 72-0 seconds.
Vital capacity measurements undertaken with the subject lying down showed a range of 1,600 to 5,300 c.c. with a mean of 2,840 c.c. in the effort syndrome patients, while the controls showed a range of 2,800 to 5,500 c.c. with a mean of 4,172 c.c. However, the point which we regard as being the main value of spirography in this field, is what we call the respiratory exercise tolerance test. By this we mean the alteration in the minute volume of respiration as a result of exercise and the time of its return to the resting value. In Table I is shown the minute volume of the controls as a group, and of the effort syndrome cases as a group, at rest, and at the various periods following the exercise. The minute volume after exercise has also been expressed as a percentage of the resting value and this is plotted as the ordinate in fig. 1 , the abscissa represents the time after exercise at which the minute volumes were recorded. Fig. 1 shows clearly the difference in the respiratory response to exercise of the effort synldronle patients and the control group. The rise in the volume of respiration which follows exercise is much greater in the effort synzdrome patients than in the controls and takes considerably longer to return to the resting value. The difference is, perhaps, most obvious in the fourth and fifth minutes after exercise, when the control group is within 20% of the resting value, whereas the effort syndrome patients still showed a 60% increased respiration. Most of the really fit people amongst the controls showed a respiration almost back to normal at this point.
The minute volume of respiration is far from an ideal measure of respiratory function. It gives no real indication of the subjective respiratory difficulty or of the actual effort made as compared with the maximum possible respiratory effort. The latter is partly conditioned by the vital capacity and as this is relatively small in effort syndronle and the minute volume after exercise relatively large, severe respiratory difficulty may ensue. By way of illustration, the average minute volume for the minute immediately following exercise is 20-5 litres for the control group and 27-4 litres for the effort syndrome patients, while the average vital capacities found for the two groups are 4-17 and 2-84 litres respectivelv. Thus the control group use, as it were, their vital capacity 4-8 times and the effort synidromle patients 9 8 times in one minute. Furthermore, the minute volume does not give a direct indication of the actual air exchange in the lungs, for with every inspiration a proportion of the previously expired air is returned to the lungs. The more rapid the breathing, the more does this dead air space reduce the actual ventilation. As a result of this, the actual ventilation of the effort synzdrome group at rest is below that of the control group. The proportional increase in actual ventilation as a result of exercise is greater than the proportional increase in the measured respiration ; this applies to both groups but is more marked in effort syndronme.
It must again be emphasized that these experiments were carried out with a high partial pressure of oxygen in the lungs and it is to be expected that the performance of the test in air would show greater deviation of respiration from the resting level.
S2nnnniary.-The effort synidromne patients used for these tests were not specially chosen; the only criterion was a symptomatic one, i.e. all the patients had the characteristic symptoms of effort synzdronme. This means that viewed psychiatrically the patients were a mixed group of anxiety states, depressions, hysterics, and post-infective states.
Haldane and his collaborators (1919) working on the problem of effort synidrome during the last war, laid great stress on what they regarded as the characteristic rapid shallow breathing of this condition. They considered this type of breathing, brought about by an exaggerated Hering-Breuer reflex produced by irritation of the lungs during gassing, or as the result of a hypersensitive nervous svstem, led to anoxemia which depressed the respiratory centre and resulted in the setting up of a vicious circle. It may be that they were dealing with a particular respiratory group, or that patients who had been previously gassed formed a large percentage of their cases, for our experience here has been different.
Of the last 100 admissions to the effort syndronme unit at this hospital, only five had average resting respiratory rates of over 35 per minute. Certainly in the group studied here the rate of respiration at rest was fast, 20-5 respirations per minute (approximately twice as fast as the controls) and the average volume per breath was low (520 c.c.) as compared with the controls (910 c.c.). These figures are different from the figures quoted by Haldane and collaborators who, in an unstated number of cases, invariably found rapid shallow breathing of 20 to 60 or more respirations per minute with an average volume per breath of 250 to 350 c.c. Thev found that the rate increased abnormally after exercise, while the increase in depth was small. In the patients here presented the rate of respiration after exercise rose from 20 5 to 27 9 per minute during the first minute after exercise, while in contra-distinction to Haldane's patients the average volume per breath rose from 520 c.c. to 940 c.c. Soley and Shock (1938) , however, proposed that effort syndrome resulted from a washing-out from the blood of carbon dioxide by hyperventilation. In the group of effort syntdronme patients studied, the amodnt of air expired at rest is approximately the same as in the control group. When allowance is made for the dead space, which is a greater factor in the effort syndrome patients owing to their faster rate of respiration, the actual air exchange of the effort syndrome patients is less than that of the control group.
We have had, however, two cases of spontaneous hyperventilation tetany and among the present series were two cases, both hysterics, in whom hvperpncea was readilv produced bv an emotional state, who normally showed a respiration rate of 20 per minute. After exercise the ventilation of the effort syndrome group is greatly increased as compared with normals, but this does not necessarily mean that CO2 is washed out of the bloodin the two hysterics mentioned the ventilation after exercise reached 57 and 38 litres per minute respectively without the production of any tetanic symptoms.
At first sight the views of Haldane and of Soley and Shock appear to be entirely opposed: this, however, is not necessarily true. Haldane was concerned solely with oxygen and Soley and Shock with CO2. The ordinary spirometer gives no indication of CO, output and the tracings of the patients were too irregular to permit any accurate estimations of oxygen uptake being made. The impression gained in the present work is that the oxygen uptake immediately after exercise is more rapid in the controls than in the patients, but more accurate studies using the Douglas bag technique are now in progress.
There does not appear to be any obvious explanation for the relativelv poor vital capacity and breath-holding capacity in these patients: we have found that breathing exercises did not lead to any marked improvement. Indeed, any " treatment " directed specifically towards the respiratory anomaly, e.g. attempts at slowing a very rapid rate by explanation, re-education, persuasion or suggestion have proved disappointing.
Clinicallv the respiratorv exercise tolerance test would appear to be a useful objective measure of breathlessness after exercise, and even of physical fitness: those patients who have shown the quickest return to the resting minute volume after exercise have certainly done best at the P.T. class and conversely, a poor response would appear to indicate tha~t the patient will do badly when given strenuous work. We are not yet ready to express any final opinion as to the value of this test; that it may be quite sensitive, however, is suggested by the fact that one of the controls who was suffering from post-tonsillitis asthenia, showed a marked improvement in the rate of return of the minute volume to the resting level, and of the 02 consumption to the resting value, after two weeks' hard phvsical training. D.A.H., becamet extremely important. It was believed that the element of fear was the main causative factor although it was noticed that a large proportion of the cases had only been two months in France. In the present war the main elements causing fear in the last war have not yet occurred. At present effort syndrome is a relatively trivial concern. In this country only about 200 beds are allotted to cases of effort syndrome and these include all the Services and the beds are not all occupied. After Dunkirk the majority of the cases recovered very rapidly. The results of hospital treatment are not fully known. At the end of the last war about 50% of the cases were sent back to the front line but it was not known what happened to them. A number of cases which have been treated in hospital in this war have relapsed subsequently and been admitted to hospital again It is not good policy to keep these cases in hospital until they are cured, that is to say, until they are temporarily free of all symptoms. Directly such men feel any symptoms returning they want to be cured again, that is, to be sent to hospital again. Getting them back to their units as rapidly as possible without waiting for a complete cure is the best method. Medical Officers of units should not be encouraged to send all cases showing any symptoms of effort syndrome to be admitted to hospital or even to see specialists as out-patients. Many medical officers have succeeded in getting such men through without sending them either to specialists or to hospital and there is no doubt that many men so treated become acclimatized and are subsequently useful soldiers.
